To evaluate risk factors for local recurrence, regional and distant metastases, and mortality associated with conjunctival melanoma. METHODS This was a retrospective study of 194 patients with histologically confirmed conjunctival melanoma diagnosed between 1950 and 2002 in the Netherlands. Data were collected from all university centers and many nontertiary hospitals, using the National Pathology and the Leiden Oncologic Registration Systems. Based on the number of incidences, this study included 70% of the conjunctival melanomas in The Netherlands. Clinical and histopathological data for conjunctival tumors were reviewed and compared with data reported in the literature. Risk factors for local, regional, and distant metastases and survival were analyzed using the Kaplan-Meier and Cox regression analyses. RESULTS. Of 194 patients with conjunctival melanoma, 112 had a local recurrence (median, 1; range, 1-9) during follow-up (median, 6.8 years; range, 0.1-51.5). Location was the most important risk factor for development of local recurrence, and significantly more occurred with nonepibulbar (log rank, P ϭ 0.044) tumors. Significantly fewer local recurrences occurred with tumors initially treated with excision and adjuvant brachytherapy rather than with excision only (log rank, P ϭ 0.008) or with excision and cryotherapy (log rank, P Ͻ 0.038). Forty-one (21%) patients had regional lymph node metastases, mostly to the parotid or preauricular lymph nodes (n ϭ 26; 13%). Risk factors for regional metastases were tumor thickness (log rank, P Ͻ 0.001) and tumor diameter (log rank, P ϭ 0.010). Fortynine (25%) patients (mean, 4.37 years) had development of distant metastases, mainly in the lung, liver, skin, and brain. Tumor-related survival was 86.3% (95% confidence interval [CI], 81.0 -91.6) at 5 years, 72% (95% CI, 79.7-64.4) at 10 years, and 67% (95% CI, 58.9 -76.1) at 15 years. The main mortality risk factors were nonepibulbar location (log rank, P Ͻ 0.0001) and tumor thickness (log rank, P ϭ 0.0004). CONCLUSIONS. Nonepibulbar tumors more often recur locally and are associated with a shorter survival independent of other risk factors. Tumor thickness is also an important predictor of regional and distant metastases, as well as survival. A prospective study is needed to compare the effect of excision with radiotherapy and excision with cryotherapy on the number of local recurrences, exenteration rate, and survival. (Invest Ophthalmol Vis Sci. 2005;46:75-82)
C onjunctival melanoma is a rare tumor [1] [2] [3] with an incidence of 0.02 to 0.08 per 100,000 in a white population, 4 -6 accounting for some 1% to 3% of all ocular malignancies in adults. This malignancy normally occurs at approximately the age of 60 years and only rarely before the age of 40 (10%). Conjunctival melanomas may be associated with sun exposure, as is skin melanoma, 7 although they can occur at non-sunexposed sites. 6 In contrast to uveal melanoma, the incidence of conjunctival melanoma is increasing. 6, 8, 9 Local recurrence is reported to be 30%-50% at 5 years, 38%-51% at 10 years, and 65% after 15 years, depending on treatment. 10 -21 Excision without additional treatment is associated with more local recurrences. 22 Main risk factors for patient mortality are thickness and size (basal diameter) as well as a nonepibulbar location for the primary tumor or one of its recurrences. A contributing factor for prognosis is the origin of the tumor-that is, in 55% primary acquired melanosis (PAM) and in 25% melanoma de novo, with a worse prognosis for melanoma de novo. 23 Conjunctival nevi rarely develop into melanoma. 24 The mortality rate is 12% to 20% at 5 years and up to 30% at 10 years. 10 -21 Conjunctival melanomas are known to spread through the lymph system, although distant metastases are also found without regional lymph node metastasis. 25 In this report, data from 194 patients with conjunctival melanoma collected from all university hospitals and many nontertiary centers in the Netherlands were analyzed to investigate differences in treatment and surgical approach, as well as the main risk factors for recurrence, metastasis, and survival.
PATIENTS AND METHODS
The Netherlands National Ocular and Orbital Tumor Committee, using the Netherlands Pathology Diagnosis System, helped identify 194 patients who had a diagnosis of malignant conjunctival melanoma between 1950 and 2002. Complete clinical and histopathological data were gathered from patients' records and follow-up data were obtained from death certificates, general practitioners, local ophthalmologists, and the Oncologic Registration System of Leiden University Medical Center (LUMC). The mean follow-up was 9.2 years (SD, 8.1; median, 6.8) . Only data for patients with histologically proven conjunctival melanoma were analyzed. Patients with a primary eyelid (cutaneous) melanoma were excluded, as were patients with PAM without an invasive component. The study was approved by the Institutional Review Board and adhered to the tenets of the Declaration of Helsinki.
Assessment of Tumor Characteristics
Of 194 conjunctival melanomas, 178 (92%) primary tumor specimens were reviewed for histopathologic confirmation of the diagnosis at the LUMC, whereas 16 other specimens were assessed by an experienced ophthalmic pathologist elsewhere.
Tumor origin was established on the basis of medical and histopathological records and photographs and was classified as nevus, nevus in combination with PAM, PAM, and de novo. The clinical variables included age at diagnosis, sex, unilocular (caruncula, fornix, tarsus, limbus, or epibulbar) or multilocular (diffuse) location of the primary tumor, date for primary treatment, date for diagnosis of local recurrence, and the presence of regional or hematogenous metastases.
The proximity of the melanoma to the limbus was classified as limbal or nonlimbal. The basal tumor diameter (in millimeters) was taken from patient records, pathology reports, or photographs, if available (79%), as described by Tuomaala et al. 6 In 42 cases, information about tumor diameter could not be found. Melanoma thickness (in millimeters) was measured by one ophthalmic pathologist on slides of the tumor, according to Breslow. 26 In 41 cases, thickness could not be measured because tumors had been sliced in a tangential plane. Treatment of initial tumors and recurrences were categorized as excision only, excision and chemotherapy (topical mitomycin C), excision and cryotherapy, external irradiation only, brachytherapy after excision, orbital exenteration, and irradiation and exenteration. Cryotherapy and 90 Sr brachytherapy were available as adjuvant therapy from 1970 onward and were frequently used after 1980 (Fig. 1) .
Assessment of Outcome
Dates of diagnosis and local recurrence were those for histopathologic confirmation of the primary tumor or local recurrence. The interval between diagnosis by a physician and histopathologic confirmation was always Ͻ2 months. The date for metastasis was taken as the date when dissemination was confirmed by biopsy, imaging, or clinical examination. Regional metastasis was histopathologically confirmed in all 41 cases. Of 49 cases with distant metastases, the metastases were confirmed by histopathology in 24 (49%) patients and by imaging (mostly computed tomography) in 25 (51%) patients. Autopsy was performed in three patients. In 12 cases, the location of metastases was not specified. Survival time was defined as the time from histopathological confirmation of the primary tumor to death due to conjunctival melanoma (event), death due to other causes, or time of last presentation.
Statistical Analysis
Risk factors for local or regional recurrence and for tumor-related survival were assessed by Kaplan-Meier estimates and with Cox proportional hazards. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. P Ͻ 0.05 was considered significant. Statistical analysis was performed on computer (SPSS ver. 11.0; SPSS, Inc., Chicago, IL, and Stata/SE ver. 8.0; StataCorp., College Station, TX). Kaplan- Meier analysis for local recurrence was analyzed for time to the first local recurrence. The log rank test was used to compare variables in Kaplan-Meier analysis. In Cox regression analysis, the variables "origin" and "therapy" were considered nominal categorical variables.
RESULTS

Patient and Tumor Characteristics
Our study population consisted of 107 (55%) female and 87 (45%) male patients (Table 1) , including 99 (51%) left and 95 (49%) right eyes. Mean age at histopathological diagnosis was 57.4 years (median, 58). Regions involved were the limbus (n ϭ 110, 57%), bulbar conjunctiva (limbus included; n ϭ 133, 69%), caruncula (n ϭ 5, 2.6%), tarsus (n ϭ 11, 5.6%), and fornix (n ϭ 2, 1%). More than one location was involved in 43 (22%) patients. Origin of the melanomas was PAM (n ϭ 111, 57.2%), melanoma de novo (n ϭ 50, 25.7%), nevus in combination with PAM (n ϭ 9, 5%), and nevus only (n ϭ 3, 2%). Origin was inconclusive in 21 (11%) patients. Tumor thickness was 2.07 mm (SD 1.9; n ϭ 153) and the basal diameter was 7.21 mm (SD 4.7; n ϭ 152).
Primary Treatment
Treatment at the moment of histopathological diagnosis ( Table  2 ) was excision alone (n ϭ 127, 65.5%), excision with topical chemotherapy (mitomycin C; n ϭ 4, 2%), excision and adjuvant cryotherapy (n ϭ 17, 8.7%), irradiation (n ϭ 11, 5.6%), and excision with brachytherapy ( 90 Sr/ 90 Y irradiation; 6 ϫ 1000 cGy; n ϭ 20, 10.3%). Exenteration was the primary therapy for advanced conjunctival melanoma in 14 (7.2%) patients and was used in combination with orbital irradiation in 1 (0.5%) patient.
Today the standard treatment for primary conjunctival melanoma is excision with adjuvant therapy. However, during the period covered by this study, many different treatment strategies were used ( Fig. 1) . Although in some cases only a few patients had some of the treatments, we tried to compare different treatments and their outcomes.
Local Recurrence Analysis and Secondary Treatments
Within the total follow-up period, 112 patients had a local recurrence (62.6% of the 179 patients who did not undergo exenteration). The mean time between the first treatment for histopathologically proven melanoma and first local recurrence was 2.4 years (SD, 3.4; median, 1.3 years; maximum, 22.6 years). The mean number of local recurrences was 1.6 (range, 1-9). The percentage of patients without a local recurrence was 39.3% (95% CI, 31.5-47.1) after 5 years, 33.2% (95% CI, 25.4 -41.0) after 10 years, and 27.8% (95% CI, 19.0 -36.6) after 15 years ( Fig. 2A) .
Treatment of the first local recurrence was excision in 63 (56%) patients (4 in combination with topical chemotherapy), 22 of whom ultimately required orbital exenteration for more recurrences or advanced conjunctival melanoma. Twentythree (20.5%) patients received excision with cryotherapy, with eight patients ultimately requiring exenteration. Excision rence rate as a function of treatment modality of the primary lesion (overall log rank P ϭ 0.043). Excision in combination with irradiation had significantly fewer recurrences (log rank P ϭ 0.038). There was no significant difference between excision with cryotherapy when compared with excision only (log rank P ϭ 0.759). (C) Recurrence rate in patients with only an epibulbar component (132 patients) or not (47 patients; log rank P Ͻ 0.044).
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with brachytherapy ( 92 Ir irradiation, n ϭ 3, 90 Sr/ 90 Y application, n ϭ 8) was performed in 11 cases, with two patients undergoing exenteration. One patient was treated for recurrence with irradiation only. In total, 44 (39.3%) patients had exenteration for advanced disease.
The probability of recurrence of primary tumors using excision with brachytherapy was lower than when other treatment modalities were used (Fig. 2B ). There were significantly fewer recurrences with excision and brachytherapy of primary tumors (n ϭ 19) than with excision with adjuvant cryotherapy (n ϭ 17; P ϭ 0.038, log rank test not adjusted for multiple comparisons). Excision with cryotherapy, in comparison to excision only, did not result in fewer recurrences (P ϭ 0.759, log rank test, not adjusted for multiple comparisons).
In contrast to other tumor locations, epibulbar involvement showed significantly fewer local recurrences (P ϭ 0.044, log rank; Fig. 2C ). Analysis showed that local recurrence was not associated with age at time of diagnosis (categories: Ͻ50, 50 -68, and Ͼ68 years; P ϭ 0.774, log rank test for trend), tumor origin (categories: PAM or non-PAM; P ϭ 0.61, log rank), sex (P ϭ 0.77, log rank), unilocular/multilocular location (P ϭ 0.82, log rank), tumor thickness (Ͻ1, 1-2, and Ͼ2 mm; P ϭ 0.063, log rank test for trend), or basal tumor diameter (0 -6, 6 -10, and Ͼ10 mm; P ϭ 0.571). Cox regression analysis showed that epibulbar location and treatment modality of the primary tumor were the best predictors of local recurrence (Table 3) .
Regional Metastases Analysis and Treatment
Regional metastases developed in 41 patients (n ϭ 9 regional, n ϭ 32 regional and distant). Of these 41 patients, 32 were first thought to have only regional dissemination. The mean time between primary tumor diagnosis and regional metastasis was 4.37 years (SD, 4.2; median, 3.7). Mean survival time after metastasis was 8.1 years (SD, 8.7; median, 2.7) with regional dissemination only (six patients still living, three died of nonrelated causes) and 1.72 years (SD, 1.5; median, 1.3) with both regional and distant metastases. Regional metastases were found in parotid or preauricular (n ϭ 26), cervical (n ϭ 13), submandibular (n ϭ 9), and axillary (n ϭ 2) lymph nodes. Both patients with positive axillary lymph nodes also had parotid positive lymph nodes.
A univariate Cox regression analysis (Table 4) indicated that tumor thickness (HR 2.8, P Ͻ 0.001) and basal diameter (HR 1.6, P ϭ 0.010) were the best predictors of regional metastases. In a multivariate Cox model, only tumor thickness reached statistical significance.
Distant Recurrence Analysis
Distant metastases developed in 49 patients, of whom 17 showed no regional (skipping) metastases. In 37 patients, the distant metastasis was localized. Metastasis occurred in the lungs (n ϭ 18 cases), liver (n ϭ 15), skin (n ϭ 13), brain (n ϭ 11), spinal cord (n ϭ 5), ileum (n ϭ 3), mesentery (n ϭ 3), skeletal bones (n ϭ 3), thyroid gland (n ϭ 2), and jaw bone (n ϭ 2).
Mean survival was 1.72 years (SD, 1.5; median, 1.3) for both regional and distant and 0.42 years (SD, 0.34; median, 0.44) for hematogenous metastases. Analysis (Table 5) showed that nonepibulbar lesions were significantly more likely to give rise to a distant metastasis (HR 4.0, P Ͻ 0.001). A univariate Cox analysis showed that increasing tumor diameter was associated with an increasing risk of distant recurrences (HR 2.1, P Ͻ 0.001).
Survival Analysis
During the total follow-up period, 47 (24.3%) patients died of metastasis of conjunctival melanoma, 44 (22.7%) of non-melanoma-related causes, and 103 (53%) were still living. Fifty- 3A) . Survival analysis did not show a significant difference in survival between therapies (overall log rank, P ϭ 0.363). Only patients who underwent a primary exenteration had a significantly lower survival than those with other treatment modalities (P ϭ 0.036, log rank test not adjusted for multiple comparisons). This may be explained by the fact that this group contained significantly larger tumors and at an unfavorable location.
Neither tumor origin (P ϭ 0.42) nor tumor basal diameter (P ϭ 0.066, log rank test for trend) showed a significant difference in survival rate. However, survival was significantly better for epibulbar tumors (P Ͻ 0.0001), unilocular location (P ϭ 0.02), and thin tumors (P ϭ 0.0004, overall log rank for trend). Age at diagnosis (Ͻ50, 50 -68, and Ͼ68 years) correlated significantly with survival (P ϭ 0.023, log rank test for trend), but older patients had significantly larger (P Ͻ 0.023) and thicker (P Ͻ 0.021) tumors. Cox regression analysis showed the same risk factors as for the development of distant metastases (Table 6) , most important, a nonepibulbar location (HR 3.6, P Ͻ 0.001).
DISCUSSION
Our study suggests that the incidence of conjunctival melanoma in The Netherlands is similar to the previously reported incidence of 0.05/100,000 inhabitants. 4 -6,8 Since 1970, conjunctival melanoma has been diagnosed in 172 patients. With a mean population of 14,575,000 in The Netherlands (Central Bureau of Statistics, Voorburg/Heerlen, The Netherlands), over the past 30 years, an estimated 240 patients would have received a diagnosis of this type of melanoma. Thus, we probably included Ͼ70% of possible patients with conjunctival melanoma in The Netherlands after 1970.
Treatment of the local primary tumor has changed in the last decades from irradiation or excision as sole therapy to excision in combination with cryotherapy or brachytherapy. This has enabled us to compare different treatments. For local Tumor thickness was the most important risk factor. Symbols are defined in Table 3 . NA, not available. Epibulbar localization and tumor thickness are the most important risk factor in our study. Symbols are defined in Table 3 .
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tumor control, excision in combination with brachytherapy appears to result in fewer local recurrences than when using other treatments. Other studies also found a trend toward an increased local recurrence rate after excision without additional treatment compared with excision and ruthenium plaque [27] [28] [29] [30] or additional external radiotherapy. 18 Reduction in local recurrences may also reduce the need for secondary exenteration.
The other main risk factor for local recurrences was nonepibulbar location. None of the other variables, such as age at diagnosis, unilocular or multilocular location, origin, thickness, or diameter, were significantly correlated with the local recurrence rate. We confirm the findings of Tuomaala et al. 6 that location is the most important risk factor for local recurrence. The 5-year local recurrence rate was 60.7% (95% CI: 53.0 -68.5). Others reports have shown lower 5-year rates of between 26% and 52%. 6, 11, 15, 19, 20 This difference may be explained by the percentage of tumors treated with adjuvant therapy. However, 10 years after diagnosis, local recurrence seemed to reach comparable levels. 19, 20 Therefore, the longterm effect of adjuvant therapy on local recurrences still has to be evaluated. One of our patients had nine local recurrences despite receiving adjuvant brachytherapy and cryotherapy.
Regional metastases occurred in 41 (21%) patients, mostly in the preauricular or parotid (n ϭ 26) region and cervical (n ϭ 13) regions. Four patients with only regional metastasis survived for Ͼ15 years after local treatment, as also reported for parotid gland melanomas. 31, 32 This long survival, in the absence of distant metastases, supports an active search for positive lymph nodes in the preauricular, cervical, and submandibular regions. This result may also advocate consideration of sentinel lymph node biopsy 33 in trying to treat regional metastases at a subclinical stage. Lymphoscintigraphy and sentinel lymph node biopsy is a safe procedure, although its sensitivity is still not known, [33] [34] [35] and care should be taken to avoid facial paresis. The indication for sentinel lymph node biopsy is still uncertain, but the Cox analysis for regional metastases (Table  4) suggests that tumors thicker than 2 mm with a diameter greater than 10 mm warrant this approach. In our study, primary epibulbar tumors tended to give rise to fewer regional metastases (Table 4 ), in agreement with Tuomaala et al. 36 who reported significantly fewer regional lymph nodes from limbal tumors.
In forty-seven (24%) patients distant metastases developed, mainly in lung, liver, skin, and brain, 40 of these patients had distant metastases in these four locations. Esmaeli et al. 25 also reported liver and lung as main sites of metastasis. Seventeen patients had distant metastasis, without prior or concurrent regional nodal involvement, indicating that not all patients with melanoma will benefit from sentinel lymph node biopsy. In contrast to the study of Esmaeli et al., we did not find that the primary tumors that skipped the lymph nodes had a higher rate of local recurrence.
The survival rate was 86.3% at 5 years, 71.2% at 10 years, and 67.2% at 15 years (Fig. 3A) , similar to other studies (5-year survival 87.6%-74%). 4, 21, 25 The total exenteration rate was 30% over a mean follow-up period of 9.2 years, comparable to the 37% reported by Paridaens et al., 37 and the estimated 15-year 32% exenteration rate of reported by Shields and Shields. 38 Main risk factors for distant metastases, as well as for mortality, were nonepibulbar location and thick (Ͼ2 mm), multilocular tumors.
anoma. Log rank P Ͻ 0.0001. (C) Survival analysis for different tumor thicknesses of the primary lesion (overall log rank test for trend P ϭ 0.0004). Although we found a significant difference in local recurrence analysis, there was no significant difference in survival with different treatment strategies. Only primary exenteration for advanced disease was associated with a significantly lower survival, which can be explained by the fact that these tumors were more extensive and had a more frequently unfavorable location. We think that more knowledge of this rare tumor may help us to detect suspect lesions earlier and thus ensure timely referral of patients to ophthalmic oncology centers.
CONCLUSIONS
Predictors of poor survival were a nonepibulbar location, tumors thicker than 2 mm, and multifocal location. Survival may be improved by early diagnosis of regional metastases. The long survival rate of some patients with regional metastases also suggests that a sentinel lymph node biopsy may increase survival in high-risk patients (e.g., especially in patients with multiple local recurrences, a Breslow tumor thickness of Ͼ2 mm and a tumor diameter greater than 10 mm). Adjuvant brachytherapy may reduce the number of local recurrences. A prospective study is needed to compare the effect of excision in combination with radiotherapy and excision with cryotherapy on the number of local recurrences, exenteration rate, and survival. 
